Of 45 piglets with diarrhea, 28 had coccidiosis, with no evidence of concurrent viral infection. Villous atrophy and necrotic enteritis were the characteristic lesions, and were more severe in piglets with combined viral and coccidial infections than with coccidiosis alone. Necrotic enteritis presumably was caused by bacterial invasion of the villous lamina propria at foci denuded of epithelium by coccidia, viruses or both. Consistent lesions associated with coccidia in piglets not infected by other primary enteric pathogens suggest that coccidia are the cause of significant clinical disease in nursing piglets 6 to 15 days old.
The prevalence and importance of porcine enteric disease caused by coccidia are unknown [13, 171 . The paucity of information documenting the economic impact of swine coccidiosis reflects the widespread belief that coccidia generally do not cause overt disease in swine. Recent reports, however, suggest that coccidia are responsible for diarrhea and significant mortality in suckling pigs [2, 20, 211 . The importance of intercurrent viral and bacterial infections has not been assessed.
Reports of swine coccidiosis have appeared sporadically. They concern primarily taxonomy [23], experimental infections (1, 5, 18, 19 , 221, surveys to determine prevalence [6, 7, 251, and descriptions of endogenous forms and life cycles [8, 19, 24, 261 . Although coccidia are common in swine throughout the United States (251, enteritis associated with coccidial infections is reported infrequently. At our laboratory, piglet coccidiosis, alone or concurrent with other enteric diseases, comprised 9.9% of all cases of enteric disease in nursing piglets from July, 1978, to June, 1979. The role of coccidia and their interaction with other agents in the production of enteric disease of swine was re-evaluated.
Materials and Methods
One hundred forty-nine cases of swine coccidiosis were diagnosed by histologic examination during a 1Zmonth period at the South Dakota Animal Disease Research and Diagnostic Laboratory. Live pigs were presented and a standard examination made in 45 of the 149 cases. These were selected for further evaluation.
A complete necropsy was done and samples of jejunum, ileum, and colon were prepared routinely for light microscopy. Immunofluorescence stains for rotavirus and transmissible gastroenteritis virus were applied to tissue specimens from each pig. Sections of jejunum and ileum 8 pm thick were cut on a freezing microtome, and virus-specific fluorescein conjugated antibody was applied. The sections were examined microscopically with ultraviolet light for specific fluorescence. Colonic content was collected from each pig and examined for viral particles by negative-contrast electron microscopy as described 131. Samples of ileum from each pig were cultured for bacteria on blood agar, tergitol-7, and brilliant green plates. Inoculation of enrichment media for Salmonella was not done.
Results
Of 45 piglets, 37 were 6 to 15 days old; the range was 5 days to 3 weeks old. The attending veterinarians of about half the cases reported diarrhea only in piglets 7 to 14 days old.
Transmissible gastroenteritis virus and rotavirus were found in seven and six piglets, respectively. A coronavirus was found by electron microscopy in the colon content of one piglet whose intestine was negative for transmissible gastroenteritis virus by fluorescence antibody examination. Parvovirus was found in one piglet, enterovirus in two, and adenovirus in one. Escherichia coli was isolated from the ileum of all piglets. Pastewella aerogenes was found in 14, and other bacteria (Proteus, Pseudornonas, alpha-hemolytic Streptococcus) in 16.
The lesions in the jejunum and ileum of all piglets were similar, although varied in intensity, and they are described together. Lesions were not found in the colon. The predominant morphologic features were segmental villous atrophy in all cases and necrotic enteritis in 12. Six piglets had mild villous atrophy characterized by slight reduction in height of the villi. In 39 piglets the villous atrophy was moderate or severe with short or absent villi.
The intestinal mucosa with the least change had various reproductive stages of coccidia in prominent vacuoles of enlarged epithelial cells on the distal one-third to two-thirds of the villi ( fig. 1, 2) . In more advanced lesions the villi were short and blunt, and intestinal crypts were deeper ( fig. 3) . Epithelial cells covering the villi were flattened and irregular in size and shape. Villous atrophy was accompanied by condensation of the lamina propria and mild accumulation of mononuclear inflammatory cells. At the apices of some villi, the lamina propria contained focal deposits of homogeneous, eosinophilic material with some mononuclear cells. The hyaline material stained pale green with Masson's trichrome, pale red with periodic acid-Schiff (PAS), orange with phosphotungstic acid-hematoxylin, and did not show green birefringence with Congo red. The staining properties more closely fit those of collagen than of fibrin or amyloid.
Severe villous atrophy was marked by almost complete loss of intestinal villi, crypt epithelial hyperplasia, and attenuation of the surface epithelium ( fig. 4) . Coccidia were less common in advanced lesions.
Sloughing of epithelial cells often caused focal erosion and ulceration of the.villi ( fig. 5 ). Mild to moderate accumulations of neutrophils were in the lamina propria subjacent to the denuded foci. In more advanced lesions, cellular debris, fibrin, and inflammatory cells were on the mucosal surface ( fig. 6, 7) . These changes were Necrotic enteritis and severe villous atrophy, respectively, were in 5 of 28 (18%) and 9 of 28 (32%) piglets with coccidiosis alone. In piglets with concurrent viral and coccidial infections, in contrast, necrotic enteritis occurred in 7 of 17 (41%), and severe villous atrophy in 11 of 17 (65%) ( fig. 8 ).
Feces were collected at one farm from littermates of submitted piglets. Oocysts were found in the feces by flotation in a saturated sucrose solution. These were sporulated and identified as Zsosporu suis.
Discussion
Coccidia are present in a significant number of piglets with diarrhea [2, 20, 211 . Enteritis associated with coccidiosis differs in age distribution from disease caused by enterotoxic E. coli, transmissible gastroenteritis virus, and rotavirus. Coccidia-associated diarrhea occurs most frequently in piglets 6 to 15 days old. Peak incidences of porcine colibacillosis occur at three ages: neonatal, three weeks, and immediately after weaning [ 151. Transmissible gastroenteritis and diarrhea produced by rotavirus cause high morbidity in both nursing and weaned pigs [3, 9, 10, 271. Villous atrophy resulting from necrosis and sloughing of epithelial cells is the predominant lesion in piglets with coccidiosis. This lesion is associated most frequently with enteric disease caused by transmissible gastroenteritis virus [ 1 11 and rotavirus [ 10, 271. We found no evidence of enteric viral infection in 28 of 45 piglets. Although negative immunofluorescence and electron microscopic examinations do not preclude completely the possibility of active or prior viral infection, it seems unlikely that transmissible gastroenteritis virus or rotavirus was the underlying cause of villous atrophy in these piglets. The high frequency of moderate to severe villous atrophy indicates that coccidia are not an incidental finding in piglets with nonviral enteric disease.
Necrotic enteritis is reported in nursing piglets with coccidiosis, rotaviral infection, and transmissible gastroenteritis (21. Our study shows that necrotic enteritis and severe villous atrophy occur more frequently in piglets with combined coccidial and viral infections than in piglets with coccidiosis alone ( fig. 8 ). This suggests that dual infections facilitate the development of lesions. Necrotic enteritis presumably is initiated by bacterial invasion of the lamina propria in areas denuded of epithelium by viruses, coccidia, or both.
E. coli was isolated from the intestine of all piglets, but the pathogenicity and enterotoxicity of the isolates were not determined. In piglets, diarrhea caused by E. coli is primarily the result of enterotoxin production, and minimal morphologic lesions occur in the intestine [ 1 1, 12, 161. Coliform bacteria may play a nonspecific role in the evocation of the necrotic enteritis associated with coccidiosis.
There is no direct evidence that P. aerogenes is a primary enteric pathogen. This bacterium was isolated from 5 of 12 piglets with necrotic enteritis and from 9 of 33 piglets without necrotic enteritis. The higher frequency of isolation from piglets with more severe lesions (i.e., necrosis) may indicate that the altered intestinal microenvironment is more suitable for opportunistic growth of P. aerogenes.
In one case, oocysts of I. suis were identified in feces of littermates of submitted piglets. I. suis is reported to cause enteritis with necrosis and sloughing of the villous epithelium under experimental conditions [4, 51. Although several species of Eimeria also occur in the villous epithelium of the jejunum and ileum [5, 8, 19, 24 , 261, we found no association of clinical disease with coccidia of this genus.
We conclude that coccidia are a principal cause of major intestinal lesions and significant clinical disease in nursing piglets 6 to 15 days old. The degree of damage to the intestine depends upon the number of coccidia present at any particular site, the extent of the affected region, and the rate of cell renewal and repair of the villous epithelium. These factors presumably are determined by the infective dose of oocysts and the age and susceptibility of the host [14] . The slow regeneration rate of the intestinal epithelium in young piglets may be as critical to the development of villous atrophy caused by coccidia as it is in enteric viral infections [ 111.
